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A challenge in understanding human performance as a functi
gravity is determining which tasks to research. Initial studi
began with treadmill walking, which was easy to quantify and u"

control. However, with the development of pressurized rovers, it is

ess important to optimize human performance for ambulation as
pressurized rovers will likely perform gross translation for them.
—uture crews are likely to spend much of their extravehicular
activity (EVA) performing geology, construction, and maintene
type tasks. With these types of tasks, people have differen
performance strategies, and it is often difficult to quantify tl
and measure steady-state metabolic rates or perform ..n"
biomechanical analysis. b 4
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ditions were achieved via the

itectures.

yle harness (Amspec Model # FH0102MBRG).
The examined simulated EVA tasks were weight transfer,
shoveling, treadmill walking, treadmill running, and treadmill
Incline walking. Weight transfer involved moving 10 weight bags
(each ~ 2.5 kg) one at a time to a point 2.5 m from the starting
position and then returning each bag to the starting position.
Metabolic cost for the weight transfer task was reported as liters
O, consumed to complete the task. Shoveling involved moving a
substrate (deer corn) from one receptacle to another. Shoveling
was performed for 3 minutes with metabolic cost reported as L
O, consumed per 100 kg substrate shoveled. Walking (3.0
km/h), running (7.5 km/h), and incline walking (3.0 km/h, 20%)
were completed on an oversized research treadmill (Vacumed
Model # 13610). Speeds were selected to bound the range of

expected traverse speeds and to be in the range of previous test
data. Treadmill tasks were performed for 3 minutes with reported

oxygen consumption (VO,) averaged over the last 2 minutes.
Statistical analysis was performed via repeated measures
ANOVA. Metabolic data collection was performed with a
Cosmed K4b2 system.
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RESULTS

Statistically significant metabolic differences were noted between
all 3 gravity levels for treadmill running and incline walking. For the
other 3 tasks, there were significant differences between 1-g and
each reduced gravity, but not between 1/6-g and 3/8-g. For
weight transfer, significant differences were seen between
gravities in both trial-average VO, and time-to-completion with
noted differences In strategy for task completion.

DISCUSSION

Of the five tasks tested, treadmill running and incline walking
showed the greatest differences between gravity levels. This is
likely due to the greater amount of force required in the vertical
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axis to complete the task. As gravity level decreased, the vertical
forces required to maintain speed and grade were diminished and
thus metabolic rate decreased. The differences seen between

conditions while walking were statistically significant between 1-g
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and the reduced gravity leve
at > 3.5 ml/min/kg (1). At wal
force other than what is need
combination with the expected lower metabolic rates requiredito
walk showed that walking may not be affected significantly by
gravity at shirt-sleeve conditions and may not be a discriminatory
task for gravity comparisons. Shoveling was affected by the
limitations of the gimbal interface to the ARGOS. Although there
was a significant difference between 1-g and the reduced
gravities, the strategy employed during the 1/6 and 3/8-g trials
was unexpected. Subjects chose to lunge and stay at the bottom
of the lunge during the reduced gravity trials because they would
tip over if they tried to stand on their feet. This is likely due to the
iInability of the gimbal interface to maintain the center of grav
the subject in line with the lifting cable and subject’s feet. Wh
these forces are misaligned, the subject is forced to adjust hi
posture in order to prevent falling forward. To the extent that |
shoveling is affected by gravity rather than the ARGOS or gi
we cannot say. The weight transfer task showed little differen
total metabolic cost, but the strategy employed to complete th
task was notably affected by gravity. As gravity decreased,
subjects required more time and expended less energy per
to complete the tasks. To what extent any of these tasks will
affected by an EVA suit is unclear, but it is likely that a task w
shows significant differences while unsuited, will likely contin
the same trend In the suited condition.

= CONCLUSION

To determine if gravity level has an effect on the metabolic
performance of EVA tasks, this research may indicate that tasks

S, but were not practically significant,
KINng speeds, there is little vertical

ed to support body weight. This In
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. should be selected that require the subject to work vertically

against the force of gravity. For non-steady state tasks, an

additional measurement such as time to completion is important
to evaluate performance as metabolic rate/cost alone may not be

sufficient.
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